Volatiles of Stenotrophomonas, Serratia, and Bacillus species inhibited mycelial growth of many fungi and Arabidopsis thaliana (40 to 98%), and volatiles of Pseudomonas species and Burkholderia cepacia retarded the growth to lesser extents. Aspergillus niger and Fusarium species were resistant, and B. cepacia and Staphylococcus epidermidis promoted the growth of Rhizoctonia solani and A. thaliana. Bacterial volatiles provide a new source of compounds with antibiotic and growth-promoting features.
The rhizosphere of plants is the habitat of a community comprising many different organisms. Soil bacteria often possess traits that enable them to act as antagonists by suppressing soilborne plant diseases, for example, by excreting antifungal metabolites that directly or indirectly support plant growth (7, 8, 9, 19) . Many of these specialized compounds, such as antibiotics, are either liquid or solid at room temperature, and little is known about volatiles (with molecular masses less than 300 Da, low polarity, and a high vapor pressure) that can act as antibiotics and cause growth inhibition or have more deleterious effects on organisms. The microbial world synthesizes and emits many volatile compounds (1, 3, 4, 6, 16, 17) . We previously showed that rhizobacterial isolates of Serratia plymuthica, Serratia odorifera, Stenotrophomonas maltophilia, Stenotrophomonas rhizophila, Pseudomonas fluorescens, and Pseudomonas trivialis emit complex blends of volatiles that inhibit the growth of Rhizoctonia solani (12) . These rhizobacterial isolates and one human pathogen isolate were used to investigate their biological effects on 14 fungi, as well as on the model plant Arabidopsis thaliana.
Fungi were cocultivated with rhizobacteria in divided petri dishes; the fungal medium contained 20 g liter Ϫ1 peptone, 10 g liter Ϫ1 glucose, and 20 g liter Ϫ1 agar-agar (pH 6.8) at 20°C, and the bacterial medium contained 5 g liter Ϫ1 peptone from casein, 2.5 g liter Ϫ1 peptone from meat, 2.5 g liter Ϫ1 peptone from gelatin, 1.5 g liter Ϫ1 yeast extract, l 5 g liter Ϫ1 NaCl, and 15 g liter Ϫ1 agar-agar (pH 7.2) at 20°C. Two representative examples are shown in Fig. 1 . Growth of the mycelium was recorded from the first to the seventh or ninth day after inoculation using a digital camera (C-3030 Zoom Camedia; Olympus) and the Image Gauge software of the image analyzer LAS-1000 (Fujifilm, Tokyo, Japan). Fungal mycelial growth and plant growth were visible in the absence of bacteria (Fig.  1, left panels) , but mycelial development of Paecilomyces carneus and R. solani was strongly inhibited by adjacent growth of S. maltophilia R3089 and A. thaliana development was strongly inhibited by adjacent growth of S. odorifera 4Rx13 (Fig. 1 , middle panels). To prove that bacterial volatiles were the principal component impeding mycelial and plant growth, charcoal was added to the test system to trap the volatiles. These coincubations showed that growth inhibition was partly abrogated in the charcoal test system (Fig. 1 , right panels). In the presence of charcoal the fungal mycelial size reached 50% or more of the mycelial size of the control, and 80% of A. thaliana plants exhibited normal growth.
The strength of fungal growth inhibition depends on the rhizobacterial isolate. Growth retardation was often visible after the second day of incubation, and in most cases this inhibition accelerated after the fourth day. To allow comparisons, growth alterations (expressed in percentages) were calculated for all fungus- bacterium combinations on the fourth day (Fig. 2) . Aspergillus niger and Fusarium culmorum were inhibited by approximately 20% or less or mycelial growth was promoted (Fusarium solani and A. niger, 3 to 10%) by all or many bacteria. All tested fungi showed individual inhibition patterns. Microdochium bolleyi, P. carneus, Phoma betae, and Sclerotinia sclerotiorum were strongly inhibited, by 40% or more. The inhibition of Verticillium dahliae, R. solani, Penicillium sp., and Neurospora crassa was moderate in comparison to the inhibition of the other fungi tested. At present, the biologically active volatiles causing the inhibition are not known because many volatiles have not been detected or identified (12) . Antifungal effects of organic volatiles were previously shown to inhibit germination or mycelial growth of S. sclerotiorum (6, 11) , and unidentified compounds from Bacillus subtilis cause structural deformation of pathogenic fungi (2) . Inorganic volatiles also control growth or inhibit hyphal formation and extension (10, 13) . Bacterial volatiles can also promote fungal growth (11, 18) .
Bacteria and plants were incubated together for 14 days before the fresh weight of the plants was determined. The following conditions were used for plant growth: surface-sterilized vernalized seeds, half-strength Murashige-Skoog medium, a cycle consisting of 16 h of light and 8 h of darkness, a light intensity of 84 mol/m 2 /s, and 20°C. Drastic growth inhibition (Ͼ80%) leading to small, pale yellow, and dead A. thaliana plants was obtained with P. fluorescens, P. trivialis, both S. plymuthica isolates, S. odorifera, S. rhizophila, and S. maltophilia ( Fig. 1 and 2) . In comparison to controls (nutrient broth), the fresh weight of A. thaliana increased by 20 to 30% under the influence of B. cepacia and S. epidermidis, and cocultivation with B. subtilis had no significant effect on plant development. The latter result seems to contradict observations made by Ryu et al. (14, 15) and Farag et al. (5) , who showed that B. subtilis GB03 and Bacillus amyloliquefaciens IN937a promote growth and trigger induced systemic resistance in A. thaliana. The use of different bacillus species or isolates and variations in the growth conditions and test systems may account for the different results. Growth promotion of A. thaliana and R. solani, however, was observed when these organisms were cocultivated with B. cepacia or S. epidermidis.
Concluding remarks. The experiments described here clearly demonstrate that bacterial volatiles add another component to the action profile of relevant growth-promoting or -inhibiting strategies of rhizobacteria. Volatiles can be an advantageous tool for rhizobacteria because they are small molecules that can easily diffuse through the porous structure of the soil and over great distances in the atmosphere. Many situations can be anticipated where this communication among plants, fungi, and rhizobacteria may be advantageous to at least one of the parties involved and has consequences for the organisms living in a community. The growth-inhibiting effects of rhizobacterial volatiles on phytopathogenic fungi, which cause many economically relevant crop diseases, have potential for agronomical applications, for example, by using the volatiles or rhizobacteria as biological control agents. Most of the investigated fungi also cause diseases in humans, such as opportunistic infections, mycoses, and allergic reactions (e.g., Aspergillus, Fusarium, Paecilomyces, or Penicillium species). Therefore, medicinal applications for rhizobacterial volatiles can also be anticipated.
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